Development of Line Intersect Method for Logging Residue Assessment of Teak by Andini, Sarah et al.
 Development   of Line Intersect Method for Logging Residue Assessment of Teak
Sarah Andini , Ahmad Budiaman , Muhdin
1 2* 2
1 
Graduate School of Bogor Agricultural University, Campus IPB Dramaga, Bogor, Indonesia 16680
2
Department of Forest Management, Faculty of Forestry, Bogor Agricultural University, Academic Ring Road,
Campus IPB Dramaga, PO Box 168, Bogor, Indonesia 16680
Received January 11, 2017/Accepted July 4, 2017
Abstract
Line intersect method (LIM) emerged as one of the effective and efficient post-harvesting assessment methods. LIM 
was being widely used to estimate logging residue of plantation forest in temperate zone. This method has not been 
used in tropical forest plantations, including teak forests. The study was carried out to determine the best design of 
LIM for assessing logging residue in teak plantation. Circular and rectangular plot were used to validate the 
measurement of LIM's on predicting the total residual log volume. A hundred percent logging residue inventory was 
carried out on each plot.  The LIM is modified to carried out the designs, one and combination of two and three line 
intersects per plot were placed on each plot. Bias, precision and accuracy criteria were calculated in order to 
compare the designs. The study found that the estimation of logging residue total volume using LIM was biased and 
tended to overestimate. LIM design with two lines combination per plot have higher precision estimation. These two 
designs simply involved two intersect lines laid in plot as sampling unit. However, the two intersect lines laid in the 
square shaped plot gave was applicable to implemented as method in assessing logging residue of teak plantation.
Keywords:design, line intersect method, logging residue, teak plantation
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Introduction
Forest inventory is an important activity in sustainable 
forest management. One of the important inventory activities 
is that of the logging residue. The logging residue results 
from a silvicultural activity, namely forest thinning and 
harvesting. Information about the potential residual log can 
be used for making decisions in forest management, such as 
fuel management for forest fire (van Wagner 1968), evaluate 
forest harvesting activity (Grushecky et al. 2007; 
Ghaffariyan et al. 2013), estimation of the effectiveness of 
forest harvesting (Budiaman & Komalasari 2012; 
Matangaran & Anggoro 2012), utilization of residual log for 
bioenergy (Smeets & Faaij 2007; Viana et al. 2010; Okello et 
al. 2013), monitoring of forest ecosystems (Helmisaari 2011; 
Smolander et al. 2013), and assessment of forest ecosystem 
services (Sikkink & Keane 2008; Woodall et al. 2008). As 
result, accurate information of logging residue inventory is 
needed to support sustainable forest management (Tiryana et 
al. 2011; Bouriaud et al. 2013).
Perum Perhutani is the only State-Owned Enterprises 
(SOEs) given the task to manage the state forests in the 
provinces of Central Java, East Java, West Java, and Banten 
(GoIR 2010). The majority (50.65%) of the production 
forests managed by Perum Perhutani are teak plantations 
(Perum Perhutani 2014). Perum Perhutani applies a clear-cut 
silvicultural system with an artificial regeneration in the 
management of teak production forests. Supervision of 
logging and assessment after logging (post harvesting 
assessment) are needed to ensure forest from sustainability. 
In recent year, Perum Perhutani faced sustainable issue in 
their forest management (Tiryana 2016). Logging residue 
inventory is one of the activities in post-harvesting 
assessment and it hasnot been carried out yet by Perum 
Perhutani (Perum Perhutani 2008). Logging residue in 
Perum Perhutani commonly utilized as fuel by rural 
communities surrounding teak forests. Additionally, logging 
residue also has an important role in carbon and nutrient 
cycle (Woodall et al. 2008; Smolander et al. 2013). 
Therefore, the information about potential logging residue is 
important for environmental and social reason in sustainable 
forest management.
Inventory of logging residue can be done by a sampling 
method. The common sampling methods used in logging 
residue inventory after logging are the fixed-area sampling 
and the line intersect sampling (LIS). LIS is a method that 
was originally introduced by Warren and Olsen (1964) for 
time and cost efficiency in the inventory of logging residue. 
LIS method was developed based on the probability theory 
of Buffon's needle problem in 1777. At that time, LIS was 
described as a technique used to estimate the volume of 
residual log quickly on forests harvested by clear cutting. 
Van Wagner (1968) later developed it as a methodology used 
in forest fire protection and is known as the line intersect 
method (LIM). LIM is easier to apply on the field because the 
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estimation of the residual log volume is done by measuring 
the log diameter (van Wagner 1968). LIM also gives 
unbiased results, if it is used to estimate the total volume of 
residual log on an area (van Wagner 1968). Currently, LIM is 
used to estimate not only the logging residue, but also 
biomass, especially necromass/coarse woody debris (Behjou 
& Mollabashi 2013; Keane & Gray 2013).
Studies on LIM to estimate logging residue has been 
carried out. These studies are generally conducted on pine 
forests in the temperate region. LIM was first used in tropical 
forests in 1999 in Malaysia (Forestry Department of 
Peninsular Malaysia 1999). In Indonesia, not many studies 
on LIM have been done. The estimation of the logging 
residue volume in the teak plantation forests in Indonesia still 
uses the whole tree method and fixed-area sampling 
(Budiaman & Komalasari 2012; Matangaran & Anggoro 
2012; Suwarna . 2013; Budiaman . 2014).et al et al
This study was aimed to develop LIM for estimating 
logging residue in teak forests by evaluating the performance 
of LIM and offer the best plot design. LIM performance is 
described based on three criteria, namely bias, precision, and 
accuracy.
Methods
Study area This study was conducted in March–April 2016 
in the sub-compartment 6A of Saradan Forest Management 
Unit (FMU), Regional Division II of East Java, Perum 
Perhutani (Figure 1). The sub-compartment 6A has a density 
of teak stands with age class VIII (planted in 1936) of 62 trees 
ha , site quality 4, and terrain slope of 0–10%
-1
.
Definition of logging residue Logging residue in this study 
is defined as an unutilizied log by Perum Perhutani. This 
residue is the remaining log left in the logging area after 
skidding activity finished. The smallest diameter of the wood 
remains is limited to 2 cm (Bate . 2009)et al .
Design and number of sampling plots The sample plot 
design in this study adopts the sub-sampling concept. 
Intersect lines as the units of observation in LIM were made 
in the plots. The plots used were in the shape of circles and 
squares. These shapes were selected as they are commonly 
used in forest inventory (Keeley & Fotheringham 2005; 
Kemenhut 2007; Keane . 2012). The plot size used was et al
0.1 ha. Thus, the circle plot has a radius of 17.8 m and the 
square plot has sides of 31.6 m.
 The number of sample plots was determined according to 
the plot size with a sampling intensity of 12.5%. The logging 
area of ​​the sub-compartment 6A is 10.3 ha, so the number of 
sample plots required is 13 plots. Sample plots were 
randomly placed following the logging activities on sub-
compartment 6A (Figure 1). The minimum distance between 
the plot midpoints was 37 m in order to avoid an overlapping 
between the sample plots.
 There were 26 alternative designs developed in this study, 
namely 13 alternatives of L LIM) in ine Intersect Method (
circular plots and 13 alternatives of LIM in square plots. All 
of these 26 alternatives were developed based on the ease of 
making the arrangement of intersect lines that were spread in 
the plots. There were three main scenarios that were  
developed to analyze the performance of LIM in estimating 
the total volume of logging residue in an area. The first 
scenario was one intersect line with a certain length and a 
certain distance was used to estimate the total volume of 
logging residue. The second scenario was to pair intersect 
lines that divide the center line of the plot. The last scenario 
was to combine the three intersect lines. The combination of 
these three intersect lines was pairing the main line that 
divided two equally-size plots and the intersect lines from the 
second scenario.   
 
Figure 1 Location of FMU Saradan Perum Perhutani and the distribution of sampling plots.
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 The intersect lines in the LIM were made in the sampling 
plots. The number of intersect lines as an observation unit in 
the LIM was made based on a certain distance. The distance 
was determined by dividing the center line of the plot. The 
division of the center line of the plot was done by considering 
the ease of its making in the field. One intersect line (g ) was 
1
placed in the middle of the center line of the plot. That 
intersect line divided the area of the plot into two equally-size 
areas. The second intersect lines were two new lines, namely 
g  (left side of the plot's midpoint) and g  (right side of the 
2 2′
plot's midpoint) created by bisecting the center line of the 
plot which has been divided by g . After that, four new 
1
intersect lines were created by dividing the remaining two 
middle lines, thus forming g , g , g , and g . The illustration of 
3 3′ 4 4′
the making of the intersect lines in the plot can be seen in 
Figure 2 and Figure 3. The length of the intersect line in the 
circular plot was g =35.6 m; g =g =30.8 m; g =g =34.4 m; 
1 2 2′ 3 3′
and g =g =23.6 m. The length of the intersect lines in the 
4 4′
square plot (g , g , g , g , g , g , dan g ) was the same, namely 
1 2 2′ 3 3′ 4 4′
31.6 m. Table 1 briefly presents the length of the intersect 
lines and the distance between the intersect lines on each 
design of the LIM observed in the field.
Inventory of logging residue The inventory of logging 
residue was made on the circle and square plots, and intersect 
lines already determined. First, it was conducted on residual 
log on the intersect lined. Second, it was done by measuring 
all residual log on sample plots, the data of which were used 
as a validation of the estimation of the logging residue 
volume using the intersect lines. The data recorded in the 
logging residue inventory on the sample plot consists of the 
base-end diameter, branch diameter, and length of logging 
residue. Meanwhile, the recorded inventory data of logging 
residue on the intersect lines is the diameter of residual log 
located right on the intersect lines.
Estimation of logging residue volume The volume of 
logging residue in the plots is estimated using Brereton 
equation (BSN 2011). The total volume of logging residue 
per unit of area based on the intersected is estimated using the  
Equation [1] (van Wagner 1982):
Note: V = volume of logging residue per unit of area (m  ha ), 
3 -1
k = constant equation (1.234), d = intersected diameter 
(cm), and L = total length of intersect lines (m).
Performance of alternative LIM design The performance 
of alternatives LIM designs were evaluated according to 
three criteria, namely bias, precision, and accuracy. Bias is 
the different resulted estimation against the population value 
(Cochran 1977). Precision is the repeatability and affinity of 
measurement results to their mean, while accuracy is a 
combination of bias and precision (van Laar & Akça 2007).
 Testing of biased estimation in each LIM design is done 
by making linear regression without intercept (Bate . et al
2004). The regression equation was made by comparing the 
volume of each measurement result on a plot ( -axis) and the x
estimated volume of the alternative LIM design ( -axis). y
Regression was made by making the constant -intercept (b ) y
0
of zero as shown in Equation [2].
 
Note: if b  is worth one (b1 = 1.0), then this indicates that the 
1
estimated volume hasnot have a bias. Meanwhile, b > 
1
1.0 indicates that the estimated volume tends to 
overestimate and b1 <1.0 tends to underestimate.
 The precision of each alternative LIM design was 
estimated by measuring the sample variance and coefficient 
of variance. The greater the value of sample variance and 
coefficient of variance, the lower the precision of LIM 
design. The coefficient of variance was used to compare the 
variability of each volume resulting from estimation.
 Accuracy testing of each LIM design was done by 
calculating the total mean-squared error (MSE) of the 
estimated volume. A bigger MSE value indicates that the 
Figure 2 Line intersect arrangement in circular plot. Figure 3 Line intersect arrangement in square plot.
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accuracy of the design is lower. MSE was calculated by the 
Equation [3] (Jordan . 2004):et al
Note:    = sample variance in the estimation of the total 
volume of logging residue using LIM. Bias was 
calculated by the following Equation [4] (Jordan . et al
2004):
Note:     = the average squared difference of error between 
the estimated volume from the alternative LIM design 
and the actual volume;      = sample variance of the 
estimated volume from the alternative LIM design and      
= sample variance of the actual volume; and cov[Y,X] 
= covariance of the estimated volume from the 
alternative LIM design (Y) and the actual volume (X).
Results and Discussion
The volume of logging residue on various alternative LIM 
Different estimated volumes of logging residue are 
influenced by various factors, namely the number of felled 
trees, felling direction, and skidding direction. The number 
of trees felled in the plot determines the density of logging 
residue. The study results showed that the density of logging 
residue on sub-compartment 6A amounted to 2.93 m  ha , 
3 -1
with a tree-felled density of 36 trees ha . Besides, the 
-1
direction of felling trees and skid affected the distribution of 
logging residue on the observation plot. Skidding was done 
by moving the entire teak trees to the log yard, so the log 
remains on the logging plots were branches and twigs of 
small diameters.
 The diameters of the remaining teak in this study had the 
characteristics as presented in Figure 4. The diameters of the 
residual log on the circle's plot (SL), square (SP), and LIM 
were in the category of mostly 2–4 cm (70%). Figure 4 also 
shows that the larger the residual log diameter, the lower the 
quantity. This is caused by the whole-tree method of 
skidding. The entire teak trees was skidded by a tractor to log 
yard, so the residual log remains on the logging plots has 
small diameters.
 The characteristics of logging residue affect the 
Table 1 Length and distance of line intersect in each alternative design of LIM  
Design
a Intersect 
line
Distance of line intersect 
from central point of plot 
(m)
 
Length of line 
intersect (m)
L1 g 1
 
0
 
35.6
L2 g 2
 
8.9
 
30.8
L3 g 2′
 
8.9
 
30.8
L4 g 3
 
4.5
 
34.4
L5 g 3′
 
4.5
 
34.4
L6 g 4
 
13.5
 
23.6
L7 g 4′
 
13.5
 
23.6
L8 g 2 ,
 
g 2′
 
8.9
 
61.6
L9 g 3 , g 3′
 
4.5
 
68.8
L10 g 4 , g 4′
 
13.5
 
47.2
L11 g 1 , g 2, g 2′
 
8.9
 
97.2
L12 g 1 , g 3 , g 3′ 4.5
 
104.4
L13 g 1 , g 4, g 4′ 13.5  82.8
P1 g 1
 
0
 
31.6
P2 g 2
 
7.9
 
3 1.6
P3 g 2′
 
7.9
 
31.6
P4 g 3
 
3.95
 
31.6
P5 g 3′
 
3.95
 
31.6
P6 g 4
 
11.85
 
31.6
P7 g 4′
 
11.85
 
31.6
P8 g 2 ,
 
g 2′
 
7.9
 
63.2
P9 g 3 , g 3′
 
3.95
 
63.2
P10 g 4 , g4′
 
11.85
 
63.2
P11 g 1 , g 2, g 2′
 
7.9
 
94.8
P12 g 1 , g 3 , g 3′ 3.95 94.8
P13 g 1 , g 4 , g 4′ 11.85 94.8
a
L represents LIM design in circular plot and P represents LIM design in square plot
54
d
1 ys( + – 2covxs [Y,X])
d
1
ys
Jurnal Manajemen Hutan Tropika Vol. 23, (2): 51-60, August 2017
EISSN: 2089-2063
DOI: 10.7226/jtfm.23.2.51
Scientific Article
ISSN: 2087-0469
estimation results of the total volume of the logs as logging 
residue by using LIM. Figure 5 presents the estimation results   
of the average volume of the logging residue by using the 
LIM design alternatives in a circular plot (a) and square plot 
(b). Both figures show that the estimation of the total volume 
of logging residue by using LIM tends to be larger than the 
actual value (overestimate). However, there are alternatives 
whose estimation produces a value that is less than the actual 
value (underestimate), the L3, L5, P3, and P6.
 This study produced similar findings to the study 
conducted by Bate . (2009). The result of their study et al
showed that the estimation of the total volume of logging 
residue using LIM had the tendency to be overestimate. 
Overestimates occur to logging residue which has a diameter 
of <15 cm and a diameter of 15–25 cm. Meanwhile, the 
logging residue in this study had the characteristics of a  
smaller diameter when compared to the research. 
Nonetheless, the average deviation percentage in this study 
was smaller than the result of Bate  (2009). They et al.
reported that the overestimate percentage of the class with 
15–25 cm diameter was 40%. The percentage of overestimate 
in this study was 27.58% for the LIM in the circular plot and  
29.43% for the LIM in the square plot. This different result 
occurred because there were underestimate result on the 
estimation of logging residue's total volume (Figure 5). Bate 
et al. (2009) reported that this underestimate condition 
tended to occur to logging residue that had a class of large 
diameter, i.e. > 50 cm. Meanwhile, the largest diameter in this 
study was 11 cm. The underestimate value leads lower value 
of the others overestimate value. Thus, the percentage of 
overestimate in this study was lower than reported by Bate et 
al. (2009).
 Results of the estimation of the total volume of logging 
residue by using LIM with one intersect line scenario allowed 
underestimate to occur  It occurred in alternatives L3, L5, P3   . ,
and P6. Underestimate in this study happened due to the 
density of the logging residue on the four design alternatives 
which was lower than the other LIM design alternatives that 
had the same intersect line length. For example, alternatives 
L3 and L2 had a length of 30.8 m, but L3 had a greater logging 
residue density so that its estimation value not underestimate 
(Figure 6). Meanwhile, design alternative P6, despite having 
an intersect line length and logging residue density equal to 
P7, produced a different deviation. This condition was 
caused by the diameter class of the logging residue in the 
design alternative P7 which was greater than that in P6 
(Figure 6). Thus, the density and diameter of the logging 
residue affected the deviation on the estimating results of the 
total volume of the logging residue.
 LIM design alternatives that had the lowest deviation 
value were L6 in the circular plot and P3 in the square plot. 
Alternative L6 had a deviation percentage with a tendency to 
overestimate as much as 3.95%. This alternative had an 
intersect length of 23.6 m and was situated 13.5 m to the west 
of the circular plot midpoint. Design alternative L6 had a 
logging residue density of 0.26 log m  with the distribution 
-1
of the logging residue diameter classes in three diameter 
classes (Figure 6). Meanwhile, P3 had a deviation which 
tended to underestimate as much as -9.81%. This design 
alternative had an intersect line length of 31.6 m and was 
situated 7.9 m to the east of the midpoint of the square plot. 
Design alternative P3 had a logging residue density of 0.21 
log m . This shows that the amount of deviation in the 
-1
estimation is also influenced by the location of the intersect 
line design. The precise location of the intersect line is 
affected by the abundant condition (distribution) of the 
logging residue that exists in the sampling plots. In general, 
Figure 6 shows that the deviation of the estimation results of 
the total volume of logging residue by using LIM can be 
reduced. Adding the length of the intersect line with an 
appropriate intersect line arrangement design can be done to 
reduce the deviation of the estimation results of the total 
volume of logging residue.
Performance of alternative LIM design
1 Bias
 Deviation on the estimation of the volume of  
logging residue indicated a bias towards the 
measurement results using the LIM. Bias could be seen 
from the inclination value or slope (b ) linear regression 
1
without intercept- y (b )  Table 2 presents the value of the 
0 .
slope at various LIM design alternatives with a 
confidence interval of 95%. The regression result 
indicated that the majority of LIM design alternatives 
had a value of b  ≥ 1. This showed that the estimation 
1
results of the total volume of the logging residue were 
biased with a tendency to overestimate. However, there 
were LIM design alternatives that had a value of b  ≤ 1. 
1
This value indicated bias on the estimation results of the 
total volume of the logging residue that tended to 
underestimate. In line with the deviation results in the 
total volume of logging residue, estimates for L3, L5, P3  ,
and P6 had bias that was underestimate. Based on b
1 
value, the design alternatives that had relatively low bias 
value were L6 (0.98) and P5 (1.11). 
  The bias of the estimation result of each LIM design 
alternative could also be seen by the magnitude of the 
bias  value in both designs (Table 3). However, the 
2
analysis of bias value elaborated in Table 3 did not show 
the actual magnitude  of the bias produced by each LIM 
Figure 4 The percentage of logging residue in various 
observation units based on the diameter class. 
Diameter 2−4 ( ), Diameter 5−7 ( ), Diameter >8 
( ). 
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design alternative. This was because bias  value was 
2
considered negative. Bias in a measurement could not be 
avoided, but they could be reduced and corrected. The 
bias in the use of LIM for estimating the volume of the 
logging residue was caused by several things. In addition 
to the fact that the measured diameter was the diameter 
that was on the intersect line, van Wagner (1968) also 
mentioned the existence of underlying factors. Those 
factors are fulfilled assumptions that the logging residue 
must be cylindrical, has a horizontal position, and has a 
random direction or orientation.In this study, the bias had 
the opportunity to occur due to the non-fulfillment of two 
assumptions from van Wagner (1968), the horizontal 
position  and random orientation of the logging residue. ,
The position of the logging residue that was not 
horizontal was caused by the condition of the twigs and 
branches which did not fully touch the ground. This was 
influenced by the overlapping condition of the logging 
residue and the shapes of the branches and twigs that 
were not entirely straight. Meanwhile, a uniform 
orientation of the logging residue occurred due to felling 
and skidding directions of the trees in the same 
observation plots. Bell et al. (1996) also proved that 
logging residue orientation affected the occurrence of 
bias in the use of LIM. This condition also resulted in log 
distribution in the observation plot. The distribution of 
logging residue affected the amount of logging residue 
measured as a sample. In addition, errors caused by 
surveyors could also be a source of bias but was not a 
major problem in the use of LIM (Ringvall &  Ståhl
1999).The estimation results of the total volume of the 
log were not horizontal and orientation were not random 
could be corrected. Logging residue whose log condition 
was not horizontal was a log that was sloping and did not 
fully touch the ground. Thus, the volume of the 
estimation result of the logging residue with this 
condition could be corrected through the logging residue 
oblique angle towards its horizontal condition. Brown 
(1974) described a correction factor by transforming the 
condition of logging residue oblique with its horizontal 
condition. Meanwhile, the bias due to the logging residue 
orientation that was not random could be reduced 
through intersect lines with more than one direction (Bell 
et al. 1996).
2 Precision 
  Precision is one of the components of a reliability of a 
method (Streiner & Norman 2006). The precision of the 
estimation results of the total volume of logging residue 
from each LIM design alternative is seen based on sample 
varian ( of variance (CV). Both of ce and the coefficient 
these values are used to estimate the precision because 
they are sensitive to the sample size and outlier in a set of 
data (van Laar & Akça 2007) Sample variance value and . 
coefficient of variance at each LIM design alternative are 
presented in Figure 7. Figure 7 shows that the sample 
variance and CV of the estimation results of the volume of 
the logging residue are contradictory to the number of the 
intersect lines. The more the number of intersect lines, the 
less the sample variance and CV. The LIM design 
alternatives that used only one intersect line (L1–L7 and 
P1–P7) tended to have a higher variety than the designs 
with two (L8–L10 and P8–P10) and three (L11–L13 and 
P11–P13) intersect lines. This shows that as more 
intersect lines are used, the precision of the LIM design 
alternatives will be more improved. Travaglini . et al
(2007) also reported the intersect length would increase 
the LIM' precision by reduced the sample variance value. 
The highest precision from the LIM alternative designs 
with one intersect line scheme was maintained by L3, L5, 
P3, and P6. The diversity value of the four designs was 
not much different from the diversity that was possessed 
by the design alternative schemes with two and three 
intersect line schemes. However, when viewed from the 
CV value, the scheme with three intersect lines had the 
highest precision compared to the other design alternative 
schemes. Meanwhile, L7 and P7 had the lowest precision 
value when compared to the other 12 design alternatives. 
Although L7 had the same length of intersect line with L6 
and P7 to P1–P6, the precision of P7 and L7 was very low. 
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Figure 5 Average volume of logging residue in each alternative LIM design and circular (a) and square plot (b). Average volume 
( ), Deviation percentageDeviation percentage ( ).
  
 
Table 2 Relation of estimated and actual value that showed by its slope with 95% confidence interval
Design  Slope  (b1)  
Confidence 
interval 95%
 
Design  Slope  (b1)  
Confidence 
interval 95%
 
L1
 
1.48
 
0.64
 
P1
 
1.54
 
0.64
L2
 
1.62
 
0.56
 
P2
 
1.86
 
0.60
L3
 
0.82
 
0.65
 
P3
 
0.81
 
0.68
L4
 
1.62
 
0.64
 
P4
 
1.25
 
0.62
L5
 
0.71
 
0.66
 
P5
 
1.11
 
0.62
L6
 
0.98
 
0.64
 
P6
 
0.83
 
0.65
L7
 
1.41
 
0.62
 
P7
 
1.41
 
0.61
L8
 
1.22
 
0.54
 
P8
 
1.33
 
0.62
L9
 
1.16
 
0.67
 
P9
 
1.18
 
0.58
L10
 
1.18
 
0.62
 
P10 1.12
 
0.61
L11
 
1.35
 
0.56
 
P11 1.40
 
0.64
L12
 
1.27
 
0.68
 
P12 1.39
 
0.56
L13
 
1.31
 
0.63
 
P13
 
1.33
 
0.58
Table 3 Performance of each alternative LIM design based on their MSE value
 
Design
 
Sample 
variance
 
Bias2
 
Total MSE
 
Design
 
Sample 
variance
 
Bias2
 
Total MSE
L1
 
17.04
 
1.30
 
18.35
 
P1
 
22.28
 
1.59
 
23.87
L2
 
22.51
 
0.85
 
23.35
 
P2
 
26.66
 
4.50
 
31.16
L3
 
7.15
 
0.00a
 
7.15
 
P3
 
6.33
 
0.00a
 
6.33
L4
 
25.91
 
2.18
 
28.08
 
P4
 
15.24
 
0.00a
 
15.24
L5
 
5.65
 
77.18
 
82.83
 
P5
 
13.76
 
0.00a
 
13.76
L6
 
20.19
 
0.00a
 
20.19
 
P6
 
6.43
 
0.00a
 
6.43
L7
 
50.48
 
0.00a
 
50.48
 
P7
 
60.27
 
0.00a
 
60.27
L8
 
5.49
 
0.03
 
5.52
 
P8
 
5.16
 
0.88
 
6.04
L9
 
4.92
 
0.07
 
4.99
 
P9
 
3.34
 
0.14
 
3.48
L10 15.88  0.00a  15.88  P10  16.60  0.00a  16.60
L11
 
4.96
 
0.77
 
5.74
 
P11
 
3.35
 
1.59
 
4.94
L12
 
4.67
 
0.64
 
5.31
 
P12
 
4.55
 
1.12
 
5.66
L13 7.48 0.55 8.02 P13 10.34 0.23 10.57
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Figure 6 Density of logging residue in each line intersect of circular (a) and square (b) plot. Diameter 2−4 cm ( ), Diameter 5−7 cm 
( ), Diameter > 8 cm ( ).
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Alternative of LIM design
This was caused by a lack of representation of the 
condition of the logging residue that used both design 
alternatives. Thus, in addition to the number of intersect 
lines, the position of the intersect line also affected the 
precision of LIM design alternatives in predicting the 
volume of the logging residue. It also accommodates the 
logging residue distribution that may not justify. 
Travaglini . (2007) reported that LIM' precision in et al
predicting the total volume of logging residue was 
influenced by log distribution.LIM design alternatives 
that had high precision in predicting the total volume of 
logging residue in this study were L12 and P9. Both of 
these alternatives had a lower sample variance value than 
the other design alternatives. Design alternative L12 had 
the longest intersect line, which was 104.4 m, so its 
precision was high. However, when viewed from the 
sample variance value, P9 (63.2 m) had a higher precision 
compared to designs that had longer intersect (P11, P12, 
and P13). Meanwhile, when judged from the CV value, 
P11 had a higher precision. This occurred because the CV 
value was a percentage of the deviation standard sample 
towards the average value of the total volume of logging 
residue, the estimation results.
3 Accuracy
  Accuracy is a combination of bias and precision as 
measured by the MSE. The accuracy of the estimation 
results of the total volume of logging residue from each 
LIM design alternative in this study is presented in 
 Table 3. Table 3 shows the highest accuracy owned by L9 
and P9. The high accuracy owned by the two design 
alternatives is shown by their low MSE value, amounted 
to 4.99 and 3.48, respectively. This condition is different 
with the results of bias and precision. Results of the bias 
analysis showed that designs L6 and P5 had the lowest 
bias. Meanwhile, results of the precision analysis showed 
that designs L12 and P9 had high precision. This 
difference occurred due to the difference in the analysis 
methods towards the presence of bias. In addition, 
accuracy was also determined by a combination of bias 
and precision values in the total MSE form. Van Laar & 
Akça (2007) stated that high accuracy in a measurement 
was attained if it had a combined value of zero bias and 
high precision. Thus, L9 and P9 had high accuracy 
because they had zero bias and high precision.Alternative 
designs L9 and P9 had high accuracy compared to the 
other design alternatives. Both designs were suitable if 
they were used to estimate the volume of logging residue 
within observation units in circular and square plots. 
Although both of these design alternatives did not have 
the longest intersect line, both designs were able to 
provide accurate measurement results. This suggested 
that the combination of the intersect lines in both designs 
was the best combination. Design L9 had a total length of  
68.8 m of its intersect line inside a circular plot with a 
combination of two intersect lines g  and g . Meanwhile, 
3 3'
design P9 had a total length of 63.2 m of its intersect line 
in a square plot which also had a combination of two 
intersect lines g  dan g . Intersect lines g  dan g  were 
3 3' 3 3'
located in design L9 4.5 m to the west-east from the 
circular plot midpoint, whereas design L9 was 3.95 m to 
the west-east from the square plot midpoint. This 
condition indicated that the level of accuracy of the LIM 
alternatives in estimating the total volume of logging 
residue in an area was also affected by the arrangement of 
the intersect lines used. This was also supported by the 
results of other studies that stated that the composition of 
the intersect lines using LIM affected the accuracy of the 
measurement of the volume of logging residue (Bell  et al.
1996; Woldendrop  2004; Affleck 2005).These et al. et al.
results indicated that the designs that could be used to 
estimate the volume of logging residue in a teak 
plantation were L9 and P9. They were valid for 
estimating logging residue in the teak plantation with age 
class VIII. The validation unit of this study was limited 
due to the fixed plots as a validator, not a logging area. 
This condition leads the implementation of these two 
alternatives in the field was done using intersect line 
while keeping the fixed plots, either the circular or square 
plots. Of these two alternatives, alternative P9 had higher 
accuracy than L9. Besides having high accuracy, this 
design had practicality when used to estimate the logging 
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Figure 7 Sample variance and coefficient of variance value from each alternative LIM design in circular (a) and square plot (b). 
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residue in the field. This was due to the simplicity of P9 in 
making intersect lines in a square plot. Nevertheless, 
these two alternatives still allowed bias in their 
estimation. It could be corrected using correction factor 
as Brown done in 1974 to correct the log orientation. It 
needs more empirical studies to formulate it and this 
study needs to develop more in the teak plantations of 
Indonesia.
Conclusion
 LIM is potential to be developed as a method for 
estimating logging residue in a teak plantation. That the 
estimation results of the volume of the logging residue by 
using LIM had a tendency to overestimate. Of all the 26 
design alternatives, L9 and P9 had high accuracy in 
estimating the total volume of logging residue at age class 
VIII Perum Perhutani FMU Saradan teak plantation. Both 
designs had appropriate length and arrangement of intersect 
lines to estimate the volume of logging residue in a teak 
plantation. 
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